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(57) Abstract 

An ultrasonic leak detector (10) which dis- 
criminates against leak signals originating from out- 
side a desired detection zone. Incoming ultrasonic 
waves are divided into mutually exclusive low (30) 
and high (31) frequency signals which are pro- 
cessed to form an intensity ratio (24). The intensity 
ratio is compared to a pre-selected ratio (25), and 
the leak signals originating from outside the desired 
detection zone are ignored. The presence of a leak 
is indicated by audio (29, 34) and visual (34) de- 
vices. 
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Description 

Apparatus and Method for Detecting Ultrasonic 
Waves Propagated from Within a Selected Distance 

Field of the Invention 

The present invention relates in general to 
ultrasonic source detection systems, and in particular, 
to an ultrasonic source detection system that processes 
ultrasonic signals received from two mutually exclusive 
5 frequency spectrums, thereby enabling the system to 
detect signals originating from within a desired 
detection zone, while ignoring signals emanating from 
outside the desired detection zone. 

10 Background of the Invention 

Detection of ultrasonic signals can be useful in 
various situations. A common example is the detection 
of leaks in equipment using compressed air or other 
gases, such as lines and hoses used to supply 

15 compressed air to pneumatic power tools and equipment 

in industrial settings. Leaks can occur as a result of 
cuts or cracks in the lines, and ultrasonic waves are 
generated as compressed air escapes through a cut or 
crack. For reasons of safety and economy it is 

20 essential that compressed air lines be continuously 
monitored for defects . 

A basic knowledge of sound wave principles is 
necessary for the understanding of the process of 
detecting leaks by analyzing ultrasonic waves. The 

25 audible sound wave spectrum covers wave frequencies 
beginning at 20 Hz and ending at 20 KHz. Waves with 
higher frequencies are considered ultrasonic. Sound 
emanating from a source will typically be a composite 
of waves over a wide frequency range. As a wave 
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travels farther away from its source it attenuates or 
flattens out, and it is well known in the art that 
higher frequency waves attenuate at faster rates than 
low frequency waves . 
5 Numerous prior art devices have been developed to 

detect leaks. U.S. Patent No. 3,462,240 discloses an 
instrument which detects and amplifies acoustic 
vibrations caused by fluid flowing through a hole in a 
pipeline. It divides the vibrations into high and low 
frequencies, and produces an alarm when one signal band 
generates a higher intensity than the other signal 
band. 

U.S. Patent No. 5,040,409 provides for an 
apparatus and method for detecting when a pipe break in 
15 a sprinkler system occurs. This device also generates 
an alarm when one band produces a higher intensity 
reading than the other band. 

U.S. Patent No. 4,635,042 shows a device for 
locating the sources of ultrasonic sound within a 

2 0 narrow frequency band indigenous to vacuum leaks 

through the utilization of a hand- held probe containing 
a transducer exhibiting a sensitivity peak within the 
band at about 40 KHz, and at least one other 
sensitivity peak outside the narrow band. 
25 U.S. Patents Nos . 4,289,019, 4,785,659, 4,858,462 

and 4,958,296 also propose devices for detecting leaks 
in pipes or hoses . 

While the foregoing devices are effective in 
detecting leaks and are in widespread use, they are 

3 0 subject to high levels of interference originating from 

other sources and often give false indications of a 
leak in response to detection of ultrasonic signals 
from sources other than gas leaks that are commonly, 
present in industrial environments. Moreover, when two 
35 ultrasonic leaks exist simultaneously, previously known 
devices are often incapable of distinguishing between 
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leaks within the desired detection zone and leaks 
outside the desired detection zone. 

Accordingly, it is desirable - to have an ultrasonic 
leak detector apparatus that can distinguish between 
5 simultaneous leaks within a selected detection zone and 
leaks outside the zone, and eliminate additional inter- 
ference to indicate only sources within the selected 
zone . 

10 Summary of the Invention 

The present invention is an apparatus and method 
to distinguish ultrasonic waves propagating from within 
a desired distance while discriminating against 
ultrasonic sources transmitted from outside the desired 

15 detection area. The invention will produce an output 
signal which represents only the ultrasonic waves 
propagated from within the desired distance. 

The preferred embodiment of the device for 
detecting ultrasonic waves within a desired detection 

20 zone includes low and high detectors sensitive to 

mutually exclusive frequencies, signal processors for 
producing normalized intensity and frequency signals in 
the respective channels, a ratio detector which 
continuously compares the ratio of the normalized low 

25 and high intensity signals to selected ratios thereby 

producing amplitude signals indicating the intensity of 
signals within the selected range and correcting for 
signals outside the range, and signal processors which 
process the frequency signals and the amplitude signals 

30 to produce an output signal indicative of the 

ultrasonic leak with background interference removed. 

It is a further object of the present invention to 
provide a system with an adjustable ratio detector 
allowing the user to vary the size of the detection 

35 zone to meet a wide range of applications and detection 
distances. 



WO 95/25264 



PGT/US95i02904 



4 - 



It is another object of the present invention to 
provide a system with a numerical display whose scale 
is repeatable and directly proportional to the 
intensity of the incident ultrasound with the 
5 interference from ultrasound waves outside a selected 
zone removed. 

It is yet a further object of the present 
. invention to provide a system with an audible output 
allowing the user to hear sounds representative of the 
10 intensity and frequency variations in ultrasonic 
signals with the interference removed. 

Brief Description of the Drawing 

Further objects, features and advantages of the 
15 invention will become apparent from the following 
detailed description taken in, conjunction with the 
accompanying figures showing a preferred embodiment of 
the invention, on which: 

Fig. 1 is a schematic diagram of an ultrasonic 
20 wave detection apparatus in accordance with the 
invention; 

Fig. 2 is a schematic diagram of the ratio 
detector portion of the apparatus ; and 

Fig. 3 is a flow chart illustrating a process in 
25 the ratio detector of Fig. 2. 

Description of an Embodiment 

The present invention is directed to an apparatus 
for ultrasonic source detection which ignores 

3 0 ultrasonic, leaks emanating outside a desired detection 
zone. The invention applies the principle that high 
frequency waves attenuate more rapidly than low 
frequency waves to significantly improve ultrasonic 
wave detection. At an established distance, a 

35 predictable attenuation ratio can be developed by 
comparing the high frequency attenuation at that 
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distance to the low frequency attenuation at that 
distance. 

Since high frequency waves attenuate more rapidly, 
the attenuation ratio will decrease as the ultrasonic 
5 waves travel farther from the source. Thus a 

compressed air leak at five feet away will have a 
higher ratio than a leak at twenty five feet away. The 
high frequency wave at five feet will have attenuated 
less with respect to its corresponding low frequency 

10 wave than at twenty five feet. 

Figure 1 is a schematic diagram of an ultrasonic 
wave detection apparatus in accordance with the 
invention. Apparatus 10 comprises two detectors 
monitoring mutually exclusive frequencies. Low 

15 frequency detector 15 monitors ultrasonic waves in the 
low frequency spectrum (e.g., 30-40 kHz.) producing low 
frequency signal 30, and high frequency detector 16 
monitors ultrasonic waves in the high frequency 
spectrum (e.g., 40-50 kHz.) producing high frequency 

20 signal 31. Detectors 15 and 16 comprise piezoelectric 
transducers in this preferred embodiment. 

In a manner more fully described below, signal 
processing means 17 in the low frequency band 
continuously processes low frequency signal 3 0 to 

25 produce corresponding intensity signal 20 and amplified 
frequency signal 19, which correspond to the low 
frequency signals produced at the ultrasonic source, 
and signal processing means 18 in the high frequency 
band continuously processes high frequency signal 31 to 

3 0 produce corresponding intensity signal 22 and amplified 
frequency signal 21, which correspond to the high 
frequency signals produced at the ultrasonic source. 
Processing means 17, 18 can each comprise an 
operational amplifier whose input is connected to 

35 respective frequency signals 30, 31. Each operational 
amplifier's output is connected to a scaler (not shown) 
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in series to produce the corresponding normalized low 
frequency intensity signal 20 and high frequency 
intensity signal 22. Each operational amplifier's 
output signal is also connected to a voltage to 
5 frequency (V-td-F) converter (not shown) to produce the 
respective amplified frequency signals 19, 21. 
Intensity signals 20, 22 are connected to ratio 
detector 23 and amplified frequency signals 19, 21 are 
connected to signal processor 26. Processing means 17, 

10 18 can also include a feedback loop that automatically 
adjusts the amplifier gain with reference to the level 
of the incident ultrasonic source. The amplifier 
preferably has a constant high gain.. 

Ratio detector 23 forms intensity ratios by 

15 dividing normalized high frequency intensity 22 by low 
frequency intensity 20 and compares them to a selected 
ratio which corresponds to the expected attenuation 
rates of the low and high frequency signals at an 
established distance. The selected distance is chosen 

2 0 by range selector means 32 such as a switch located on 

an external surface of apparatus 10 that produces range 
signal 25 indicating the desired range of detection. 
Range selector means 32 can also be an attachable 
keyboard that communicates with ratio detector 23. 
25 Ratio detector 23 then produces an amplitude signal 24 
indicative of only the leaks emanating from within the 
selected range and based on a comparison of the ratios 
described in more detail below. 

When a leak exists within the desired detection 

3 0 zone, signal processor 26 produces a representative 

output 33 representative of the intensity of the 
detected ultrasonic wave without interference. As 
shown in Fig. l, the output 33 is applied to a 
numerical display 34, which is of conventional design ' 
35 with a repeatable scale and is directly proportional to 
the intensity of the incident ultrasound with the 
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interference from the ultrasound waves outside a 
selected zone removed. Signal processor 26 also 
reduces the frequency to an audible range and produces 
a second output 2 7 which is a representative audible 
5 tone varied in frequency and intensity relative to the 
incident ultrasonic source. Audible output 27 is then 
connected to speaker 28 or headphones 29 of 
c onven t i ona 1 de s i gn . 

Figure 2 is a block diagram of ratio detector 23. 

10 Ratio detector 23 contains microprocessor 5 0 , which 

performs, inter alia , data retrieval from memory 52 and 
comparisons between the retrieved data and a ratio of 
the inputs. Microprocessor 50 is connected to memory 
52 and to analog to digital (A/D) converters 56 and 58 

15 which convert the incoming analog signals 2 0 and 22 to 
digital signals 60 and 62, respectively. The 
microprocessor 50 also receives as an input the 
selected range signal 25 . Leads 54 connect 
microprocessor 50 to memory 52. Leads 60 and 62 

20 connect microprocessor 50 to low frequency A/D 

converter 60 and high frequency A/D converter 62, 
respectively. Memory 52 can comprise a programmable 
read only memory (PROM) chip of conventional design. 
As depicted in Fig. 2, the microprocessor 50 generates 

25 amplitude signal 24 as an output, which is indicative 
of the intensity of the detected ultrasonic waves 
emanating within the selected distance zone. 

Figure 3 describes the process employed in ratio 
detector 23 shown in Figure 2. In step 102, A/D 

30 converters 60 and 62 convert the analog intensity 
signals to equivalent digital signals to make them 
compatible with the inputs of microprocessor 50. 
Microprocessor 50 then processes the signals and 
creates an intensity ratio by dividing the high 

35 frequency intensity signal 22 by the low frequency 
intensity signal 20 in step 104. In step 106, 
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microprocessor 50 retrieves the chosen ratio stored in 
memory 52 based on the selected range signal 25 which 
corresponds to the chosen range of detection. Thus if 
a five foot range is selected, the associated selected 
5 ratio will be different than if a 20 foot range is 

selected. The ratios stored in memory 52 are entered 
prior to the detection process and can be established 
through controlled testing. Therefore, the detection 
zones can be completely user defined based upon the 
10 ratios entered for a given application. 

Microprocessor 50 then compares the intensity 
ratio with the selected ratio in step 108. If the 
intensity ratio is greater than or equals the selected 
ratio, the detected ultrasonic signal is known to be 
15 generated from within the selected range because of. the 
level of attenuation, and, as indicated in step 109, 
ratio detector 23 generates an amplitude signal 24 
whose amplitude is representative of the intensity of 
the detected ultrasonic waves. Therefore, the 
20 amplitude of amplitude signal 24 is directly 

proportional to either the high frequency intensity 
signal 20 or the low frequency signal 22, both of which 
are inputs to ratio detector 23. The amplitude signal 
24 will then be displayed on selected display devices. 
25 If the intensity ratio is less than the selected ratio, 
the process continues. In step 110, if the intensity 
ratio is greater than or equal to the selected ratio 
less a specified percentage (10% in this preferred 
embodiment) , this indicates some interference from 
30 another source or general noise and the intensity 
signal 20 or 22 is reduced by the proportional 
difference of the ratios to produce an amplitude signal 
24 that corresponds to the selected ratio in step 112 . 
This eliminates any noise or other signal source 
35 outside the desired range causing interference. If the 
intensity ratio is less than a selected ratio less a 
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specified percentage in step 110, then the ultrasonic 
wave is emanating solely from a source outside the 
selected range which is established from the high level 
of attenuation. In step 114, amplitude signal 24 is 
5 given a zero value to indicate no leaks have been 
identified in the desired detection zone. 

The foregoing merely illustrates the principles of 
the invention. It will thus be appreciated that those 
skilled in the art will be able to devise numerous 

10 systems and methods which, although not explicitly 

shown or described herein, embody the principles of the 
invention and are thus within the spirit and scope of 
the invention. 

For example, a person skilled in the art may use 

15 one detector in place of detectors 15 and 16. The 
apparatus could then include high and low frequency 
band pass filters of a conventional design to separate 
the high frequency ultrasonic waves from the low 
frequency ultrasonic waves. In a similar manner, 

20 signal processing means 17 and 18 could be combined 
into one means with additional inputs and outputs to 
process both high and low ultrasonic frequency signals. 

Alternatively, signal processing means 17 and 18 
could be incorporated digitally into the programming of 

25 ratio detector 23 . This would enable the frequency 
signals 30 and 31 to be modified digitally using 
conventional digital signal processing techniques after 
they have passed through the A/D converters 56 and 58. 
This could be beneficial to minimize components 

3 0 failures. 

Finally, the present invention has been described 
and disclosed in a form in which the various system 
.functions are performed by discrete functional blocks. 
However, any one or more of these functions could 

35 equally well be performed by one or more appropriately 
programmed microprocessors, micro- coded chips, etc. 
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Claims 



1 1. An ultrasonic wave detection apparatus comprising: 

2 detection means for sensing ultrasonic waves 

3 and generating a first input signal produced from 

4 a selected lower range of frequencies from the 

5 ultrasonic waves and a second input signal 

6 produced from a selected higher range of 

7 frequencies from the ultrasonic waves; 

8 processing means for processing said first 

9 input signal to produce a first frequency signal 

10 and a first normalized intensity signal indicative 

11 of the frequency and the intensity of said first 

12 input signal, respectively, and for processing 

13 said second input signal to produce a second 

14 frequency signal and a second normalized intensity 

15 signal indicative of the frequency and the 

16 intensity of the second input signal, 

17 respectively; 

18 means for continuously comparing said first 

19 and second normalized intensity signals and 
2 0 producing a third signal indicative of an 

21 intensity ratio of the first and second normalized 

22 intensity signals; 

23 means for selecting a desired distance from 

24 the detection apparatus within which the 

25 ultrasonic waves propagated from within said 

26 desired distance will be displayed; 

27 means for generating a fourth signal 

2 8 indicative of an expected intensity ratio 

29 corresponding to ultrasonic waves propagated from 

3 0 a source located at said desired distance from 

31 said apparatus; 

32 means for continuously comparing said third 

33 signal to said fourth signal and producing a fifth 
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34 signal responsive to both said comparison and said 

35 first or second normalized intensity signals; 

36 means for processing said first and second 

37 frequency signals and said fifth signal to produce 

38 an output signal; and 

39 a notification means responsive to said 

40 output signal for producing an output indicative 

41 of said first or second input signals propagated 

42 within said desired distance of said apparatus 

43 without interference. 

1 2 . The apparatus according to claim 1 wherein said 

2 detecting means comprises a low frequency 

3 detecting means for producing said first input 

4 signal and a high frequency detecting means for 

5 producing said second input signal. 

1 3 . The apparatus according to claim l wherein said 

2 processing means comprises a low frequency 

3 processing means to process said first input 

4 signal and a high frequency processing means to 

5 process said second input signal . 

1 4. The apparatus according to claim 1 wherein said 

2 notification means comprises a visual indicator . 

1 5 . The apparatus according to claim 1 wherein said 

2 notification means comprises an audible indicator. 

1 6. The apparatus according to claim 1 wherein said 

2 generating means comprises: 

3 means for storing at least one said expected 

4 intensity ratio; and 

5 means for accessing at least one said 

6 expected intensity ratio responsive to said 

7 desired distance. 
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1 7. The apparatus according to claim 6 wherein said 

2 storing means comprises a programmable read only 

3 memory (PROM) chip. 

1 8. The method of identifying ultrasonic waves 

2 originating within a specified distance comprising 

3 the steps of : 

4 generating a first ratio from the intensity 

5 of the high frequency ultrasonic waves to the low 

6 frequency ultrasonic waves; 

7 generating a second ratio indicative of the 

8 expected intensity ratio at said selected 

9 distance; and 

10 comparing continuously said first and second 

11 ratios and producing output signal responsive to 

12 said comparison and indicative of said ultrasonic 

13 waves within said specified distance. 

1 9. An ultrasonic wave detection method comprising the 

2 steps of: 

3 sensing ultrasonic waves and generating a 

4 first input signal produced from a selected lower 

5 range of frequencies from the ultrasonic waves and 

6 a second input signal produced from a selected 

7 higher range of frequencies from the ultrasonic 

8 waves ; 

9 processing said first input signal to produce 

10 a first frequency signal and a first normalized 

11 intensity signal indicative of the frequency and 

12 the intensity of said first input signal, 

13 respectively, and processing said second input 

14 signal to produce a second frequency signal and a 

15 second normalized intensity signal indicative of 

16 the frequency and the intensity of the second 

17 input signal, respectively; 
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18 comparing continuously said first and second 

1^ normalized intensity signals and producing a third 

2 0 signal indicative of an intensity ratio of the 

21 first and second normalized intensity signals; 

22 selecting a desired distance from the 

23 detection apparatus within which the ultrasonic 

24 waves propagated from within said desired distance 
2 5 will be displayed; 

2 6 generating a fourth signal indicative of an 

2 7 expected intensity ratio corresponding to 

2 8 ultrasonic waves propagated from a source located 
29 at said desired distance from said apparatus; 

3 0 comparing continuously said third signal to 

31 said fourth signal and producing a fifth signal 

32 responsive to both said comparison and said first 

33 or second intensity signals; 

34 processing said first and second frequency 

3 5 signals and said fifth signal to produce an output 

3 6 signal; and 

37 producing an output responsive to said output 

3 8 signal indicative of said first or second input 

3 9 signals propagated within said desired distance of 

40 said apparatus without interference. 



WO 95/25264 



1 / 2 



PCXAJS95/j)2904 



10 



HIGH 
FREQUENCY 
DETECTOR 



-16 



15- 



32 

V 



3V 



HIGH 
FREQUENCY 
PROCESSOR 



RANGE 
SELECTOR 



7 



18 

21- 



25- 



T 

22 



23 



26- 



RATIO 
DETECTOR 



24- 



34 

A 



33 

A 



SIGNAL 
PROCESSOR 



NUMERICAL 
DISPLAY 



28- 



SPEAKER 



FIG. 1 



22 



23 



r 



25 







HIGH 
FREQUENCY 
A/D CONVERTER 



~7 — [ 

56 



-20 



LOW 
FREQUENCY 
A/D CONVERTER 



50- 



-62 



60 



MICROPROCESSOR 



24- 



FIG. 2 



LOW 
FREQUENCY 
DETECTOR 



-30 



LOW 
FREQUENCY 
PROCESSOR 



20 



\ 
17 



-19 



z 



29 



HEADPHONE 



-58 



52 



MEMORY 



SUBSTITUTE SHEET (RULE 26) 



AVO 95/25264 



2 /2 



PCT/US95/02904 



Q START ^ 



CONVERT ANALOG 
INTENSITY SIGNALS 
TO DIGITAL 



CREATE INTENSITY 
RATIO HIGH FREQUENCY 
OVER LOW FREQUENCY 



RETREIVE SELECTED 
RATIO FROM 
MEMORY BASED 
ON SELECTED RANGE 



-102 



-104 



-106 



109 



IS 

INTENSITY 
^RATIO > SELECTED 
RATIO ? 

108 

IS 

INTENSITY 
RATIO > SELECTED 
PERCENTAGE. 
? 

110 

NO 



YES 



YES 



REDUCE AMPLITUDE 
TO ZERO 



DO NOT 
CHANGE 
AMPLITUDE 



END ) 



112 



REDUCE 
AMPLITUDE 
TO SELECTED 
RATIO LEVEL 



END 



-114 



( END J 



FIG. 3 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



In .Uoaal Application No 

PCT/US 95/02904 



A. Cl,ASSIFrCATION Of SUHJKCT MATI'liR 

IPC 6 G01H3/08 G01M3/24 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SFARCHF-D 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 G01H G01M G01V 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C- DOCUMENTS CONSIDERED TO HE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DE-A-31 01 928 (MESSERSCHMITT B0ELK0W 
BLOHM) 5 August 1982 
see the whole document 

US-A-3 903 729 (COVINGTON MORRIS T) 9 

September 1975 

see abstract; claims 1,3,5 

US-A-4 287 581 (NEALE SR DORY J) 1 

September 1981 

see abstract; figure 3 

FR-A-1 530 919 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPIJ N.V.) 24 October 
1968 

-/-- 



1,8 



1,8 



4,5 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



9 Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be or particular relevance 

*B* earlier document but published on or after the international 
filing date 

*{/ document which may throw doubLs on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date claimed 



"V later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments* such combination being obvious to a person skilled 
in the art. 

*&* document member of the same patent family 



Date of the actual completion of the international search 



30 June 1995 



Date of mailing of the international search report 



26.07. 95 



Name and mailing address of the ISA 

European Patent Office, P.B. 2818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. ( + 31 -70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



de Heering, P 



Form PCT/IS A/310 (second sheet) (July 1993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



In, .Uonal Application No 

PCT/US 95/02904 



C(Cononuauon) DOCUMENTS CO NSIPI-RKp TO Dt: RI-IJ-VANT 

cuoon of document, wth md.caoon. where appropnatc, of ihe relevant parages 

US-A-4 201 092 (DAU GARY J) 6 May 1980 
see column 1, line 29"- column 2, line 5: 
claim; figure 2 

PATENT ABSTRACTS OF JAPAN 
vol Oil no. 129 (P-570) ,23 April 1987 
& JP.A.61 271476 (NEC CORP) 1 December 

lsoD , 

see abstract 

PATENT ABSTRACTS OF JAPAN 
vol 013 no. 329 (P-904) ,25 July 1989 
* JP.A.01 094205 (HITACHI C0NSTR MACH CO 
LTD) 12 April 1989, 
see abstract 



Relevant to claim No. 



1,8 



1,8 



Form PCT/ISA/310 (continuation of second theet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 


1m .uonal Application No » 

PCT/US 95/02904 


Patent document 
cited in search report 


Publication 
date 


Patent family 
mcmbcr(s) 


Publication 
date 


DE-A-3101928 


05-08-82 


NONE 







US-A-3903729 



09-09-75 



CA-A- 
DE-A- 
GB-A- 
JP-A- 
CA-A- 
DE-A- 
DE-B- 
GB-A- 



1010554 
2414453 
1438237 
50002990 
963143 
2162708 
2167142 
1374797 



17- 05-77 
24-10-74 
03-06-76 
13-01-75 

18- 02-75 
27-07-72 

19- 06-80 

20- 11-74 



US-A-4287581 


01-09-81 


NONE 






FR-A-1530919 


24-10-68 


AT-A- 
CH-A- 
DE-A- 
GB-A- 
NL-A- 
US-A- 


290167 
486017 
1650173 
1149284 
6609733 
3462240 


15-03-71 
15-02-70 
10-09-70 

15-01-68 
19-08-69 


US-A-4201092 


06-05-80 


N0NE 







Form PCT/ISA/aiO (patent family annex) (July 1993) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
G01H 3/08, G01M 3/24 


Al 


(11) International Publication Number: WO 95/25264 
(43) Internati nal Publication Date: 21 September 1995 (21.09.95) 


(21) International Application Number: PCT/US95/02904 

(22) International Filing Date: 10 March 1995 (10.03.95) 

(30) Priority Data: 

08/213,129 15 March 1994 (15.03.94) US 


(81) Designated States: BR, CA, JP, KP, European patent (AT, BE, 
CH t DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 

Published 

With international search report. 
With amended claims. 



(71) Applicant: ENERGY AND ENVIRONMENTAL TECH- 

NOLOGIES CORP. [US/US]; P.O. Box 15014, Santa Rosa, 
CA 95402 (US). 

(72) Inventor: JORDAN, John; P.O. Box 1257, Oldsmar, FL 34677 

(US). 

(74) Agents: BERKLEY, Richard, G. et al.; Brumaugh, Graves, 
Donohue & Raymond, 30 Rockefeller Plaza, New York, 
NY 10112 (US). 



Date of publication of the amended claims: 

26 October 1995 (26.10.95) 



(54) Tide: APPARATUS AND METHOD FOR DETECTING ULTRASONIC WAVES PROPAGATED FROM WITHIN A SELECTED 
DISTANCE 



(57) Abstract 

An ultrasonic leak detector (10) which dis- 
criminates against leak signals originating from out- 
side a desired detection zone. Incoming ultrasonic 
waves are divided into mutually exclusive low (30) 
and high (31) frequency signals which are pro- 
cessed to form an intensity ratio (24). The intensity 
ratio is compared to a pre- selected ratio (25), and 
the leak signals originating from outside the desired 
detection zone are ignored. The presence of a leak 
is indicated by audio (29, 34) and visual (34) de- 
vices. 



HIGH 
FREQUENCY 
DETECTOR 



3V 1 



-16 



HIGH 
FREQUENCY 
PROCESSOR 



18 

21-, 



lO 

32 

\ 



RANGE 
SELECTOR 



25 



23- 



26- 



LOW 
FREQUENCY 
DETECTOR 



| 30 



LOW 
FREQUENCY 
PROCESSOR 



RATIO 
DETECTOR 



24- — \. 



IT 



SIGNAL 
PROCESSOR 



NUMERICAL 
DISPLAY 



28- 



17 



-19 



z 



SPEAKER 



HEADPHONE 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


C6te d'lvoire 


CM 


Cameroon 


CN 


China 


cs 


Czechoslovakia 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


E5 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



party to the PCT on the front pages 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



pamphlets publishing international 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 95/25264 



-14- 



PCT/US95/02904 



AMENDED CLAIMS 
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1 1. An ultrasonic Wave detection apparatus, 

2 comprising: 

3 means for detecting ultrasonic waves and 

4 generating a first input signal responsive to said 

5 ultrasonic waves of a selected low frequency and 

6 for generating a second input signal responsive to 

7 said ultrasonic waves of a selected high 

8 frequency, wherein said selected low and high 

9 frequencies are mutually exclusive; 

10 means for processing said first input signal 

11 to produce a first frequency signal and a first 

12 intensity signal indicative of the frequency and 

13 the intensity, respectively, of said first input 

14 signal and for processing said second input signal 

15 to produce a second frequency signal and a second 

16 intensity signal indicative of the frequency and 

17 the intensity, respectively, of the second input 

18 signal; 

19 means for continuously comparing said first 

2 0 and second intensity signals and producing a third 

21 signal indicative of an intensity ratio of the 

22 first and second intensity signals; 

23 means for selecting a distance from the 

24 detection apparatus wherein only ultrasonic waves 

25 propagated from a source located within said 

26 desired distance will be indicated by said 

27 apparatus; 

2 8 means for generating a fourth signal 
29 indicative of an expected intensity ratio 

3 0 corresponding to low frequency and high frequency 

31 ultrasonic waves propagated from a source located 

32 at said selected distance from said apparatus; 

33 means for continuously comparing said third 

34 signal and said fourth signal, and when a 
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35 predetermined relationship exists between said , 

36 intensity ratio of said first and second intensity 

37 signals and said expected ratio signal, producing q 

38 a fifth signal representative of the intensity of 

39 at least one of said first and second intensity 

40 signals; 

41 means for processing at least one of said 

42 first and second frequency signals and said fifth 

43 signal to produce an output signal; and 

44 notification means responsive to said output 

45 signal for producing an output indicative of at 

46 least one of said first and second input signals 

47 propagated from a source located within said 
43 selected distance of said apparatus without 
49 interference. 

1 2. The apparatus according to claim 1, wherein said 

2 detection means comprises a low frequency 

3 detecting means for producing said first input 

4 signal and a high frequency detection means for 

5 producing said second input signal. 

1 3. The apparatus according to claim 1, wherein said 

2 processing means comprises a low frequency 

3 processing means to process said first input 

4 signal and a high frequency processing means to 

5 process said second input signal. 

1 4. The apparatus according to claim 1, wherein said 

2 notification means comprises at least one of a 

3 visual indicator and an audible indicator. 

1 5. The apparatus according to claim 1, wherein said 

2 fourth signal generating means comprises : 

3 means for storing at least one said expected 

4 intensity ratio; and 
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5 means for accessing said at least one 

6 expected intensity ratio in response to the 

7 selection of said selected distance by said 

8 selecting means. 

1 6 . The apparatus according to claim 5 , wherein said 

2 storing means comprises a programmable read only 

3 memory (PROM) chip. 

1 7. The apparatus of claim 1, wherein said fifth 

2 signal is representative of an average of said 

3 first and second intensity signals. 

1 8 . The apparatus of claim 1 , wherein said 

2 notification means produces an output indicative 

3 of an average of said first and second frequency 

4 signals and an average of said first and second 

5 intensity signals . 

1 9 . The apparatus of claim 1 , wherein when said 

2 intensity ratio of said first and second intensity 

3 signals is greater than or equal to said expected 

4 intensity ratio, said fifth signal is directly 

5 related to at least one of said first and second 

6 intensity signals. 

1 10. The apparatus of claim 10, wherein when said 

2 intensity ratio of said first and second intensity 

3 signals is less than the expected intensity ratio 

4 and greater than or equal to said expected 

5 intensity ratio less a selected percentage, said 

6 fifth signal's amplitude is proportionally greater 

7 than at least one of said first and second 

8 intensity signals. 
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1 11. The apparatus in claim 11, wherein when said 

2 intensity ratio of said first and second intensity 

3 signals is less than the expected intensity ratio 

4 less a selected percentage, said fifth signal's 

5 amplitude is zero and no output signal is 

6 produced . 

1 12* An ultrasonic wave detection method comprising the 

2 steps of : 

3 detecting ultrasonic waves and generating a 

4 first input signal produced responsive to said 

5 ultrasonic waves of a selected low frequency and 

6 generating a second input signal produced 

7 responsive to said ultrasonic waves of a selected 

8 higher frequency, wherein said selected low and 

9 high frequencies are mutually exclusive; 

10 processing said first input signal to produce 

H a first frequency signal and a first intensity 

12 signal indicative of the frequency and the 

13 intensity, respectively, of said first input 

14 signal and processing said second signal to 

15 produce a second input frequency signal and a 

16 second intensity signal indicative of the 

17 frequency and the intensity, respectively, of the 

18 second input signal; 

19 continuously comparing said first and second 
2 0 intensity signals and producing a third signal 

21 indicative of an intensity ratio of the first and 

22 second intensity signals; 

23 selecting a distance from a detection 

24 apparatus which detects said ultrasonic waves 

25 wherein only ultrasonic waves propagated from a 

26 source located within said selected distance from 

27 said apparatus will be indicated; 

2 8 generating a fourth signal indicative of an 

29 expected intensity ratio corresponding to low 
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3 0 frequency and high frequency ultrasonic waves 

31 propagated from a source located at said selected 

32 distance from the point of detection of the 

33 ultrasonic waves; 

34 continuously comparing said third signal to 

35 said fourth signal and, when a predetermined 

3 6 relationship exists between said intensity ratio 

37 of said first and second intensity signals and 

3 8 said expected intensity ratio, producing a fifth 

3 9 signal representative of at least one of said 

40 first and second intensity signals; 

41 processing said first and second frequency 

42 signals and said fifth signal to produce an output 

43 signal; and 

44 producing an output responsive to said output 

45 signal indicative of at least one of said first 

46 and second input signals propagated from a source 4 

47 located within said selected distance. 

1 13 . The method of claim 13 , wherein when said 

2 intensity ratio of said first and second intensity 

3 signals is greater than or equal to the expected 

4 intensity ratio, said fifth signal is directly 

5 related to at least one of said first and second 

6 intensity signal. 

1 14 . The method of claim 14 , wherein when said 

2 intensity ratio of said first and second intensity 

3 signals is less than the expected intensity ratio 

4 and greater than or equal to said expected 

5 intensity ratio less a selected percentage, said 

6 fifth signal's amplitude is proportionally greater 

7 than at least one of said first and second 

8 intensity signals . 
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1 15. The method in claim 15, wherein when said , 

2 intensity ratio of said first and second intensity 

3 signals is less than the expected intensity ratio <, 

4 less a selected percentage, said fifth signal's 

5 amplitude is zero and no output signal is 
S produced . 

1 16. The method of claim 13, wherein said fifth signal 

2 is representative of an average of said first and 

3 second intensity signals. 

1 17. An ultrasonic wave detection apparatus comprising: 

2 means for detecting ultrasonic waves and 

3 generating a first input signal responsive to said 

4 ultrasonic waves of a selected low frequency and 

5 for generating a second input signal responsive to 

6 said ultrasonic waves of a selected high 

7 frequency, wherein said selected low and high 

8 frequencies are mutually exclusive; 

9 means for processing said first input signal 
10 to produce a first intensity signal indicative of 
1X the intensity of said first input signal and for 
12 processing said second input signal to produce a 
!3 second intensity signal indicative of the 

14 intensity of the second input signal; 

15 means for continuously comparing said first 

16 and second intensity signals and producing a third 

17 signal indicative of an intensity ratio of the 

18 first and second intensity signals; 

19 means for selecting a distance from the 

20 detection apparatus within which sources of 

21 ultrasonic waves are to be indicated to the 

22 exclusion of sources beyond said distance; 

23 means for generating a fourth signal 

24 indicative of an expected intensity ratio 

25 corresponding to low frequency and high frequency 
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2 6 ultrasonic waves propagated from a source located 

27 at said selected distance from said apparatus; 

2 8 means for continuously comparing said third 
29 signal and said fourth signal, and when a 

3 0 predetermined relationship exists between said 

31 intensity ratio of said first and second intensity 

32 signals and said expected intensity ratio exists, 

33 producing a fifth signal indicative of at least 

34 one of said first and second intensity signals; 

35 and 

36 notification means responsive to said fifth 

37 signal for producing an output indicative of at 

38 least one of said first and second intensity 

39 signals propagated from a source located within 

4 0 said selected distance of said apparatus without 
41 interference. 

1 18 . A method of identifying ultrasonic waves 

2 originating within a predetermined distance, 

3 comprising the steps of: 

4 sensing ultrasonic waves having a high 

5 frequency component and a low frequency component; 

6 separately determining an intensity of the 

7 high frequency component and an intensity of the 

8 low frequency component; 

9 generating a first ratio of the intensity of 

10 the high frequency ultrasonic waves to the 

11 intensity of the low frequency ultrasonic waves ; 

12 generating a second ratio indicative of the 

13 expected intensity ratio at said predetermined 

14 distance; and 

15 comparing continuously said first and second 

16 ratios and producing an output signal indicative 

17 of the detection of ultrasonic waves within said 

18 predetermined distance when a predetermined 
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19 relationship between said first and second ratios 

20 exists. 
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